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Biomarkers
Definitions

• Prognostic biomarkers are associated with the clinical outcome and are used to 
identify patients with a more aggressive disease course and allows for the selection 
of “stronger” or more “aggressive” treatments (including higher toxicities).

• Predictive biomarkers are associated with the likelihood of response to a particular 
therapy and allow identification of patients most likely to benefit from that therapy, 
thus sparing other patients from toxicities of ineffective therapies.
– PPV positive predictive value is referring to the number of correctly predicted 

responders or survivors divided by the total number of patients with a positive 
biomarker result, 

– NPV negative predictive value is referring to the number of correctly predicted 
non-responders or non-survivors divided by the total number of patients with a 
negative biomarker result. 

SELECT POPULATIONS
OUTCOME INDEPENDENT OF TREATMENT

SELECT TREATMENTS
OUTCOME DEPENDENT OF TREATMENT



JAMA. 2014;311(19):1998-2006. doi:10.1001/jama.2014.3741

Targeted Therapies
Oncogenic Drivers – Predictive Biomarkers

Driver Mutation identified Targeted Treatment 
Leads to Improved Survival



NSCLC

Prognostic and Predictive Biomarkers for 
Immunotherapy



Chen DS, et al. Immunity. 2013;39:1-10.

Immunotherapy
Anti-Tumor Immune Response



Anti-Tumor Immune Response
Identifiable NSCLC Sub-populations



Clinical Biomarkers
Histology

Squamous - CheckMate 017 Non-squamous - CheckMate 057

J Thorac Oncol. 2013; 8(6): 803–805.

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=23676558


Clinical Biomarkers
Histology



Molecular smoking signature is significantly associated with 
improved PFS in NSCLC patients treated with pembrolizumab.

Naiyer A. Rizvi et al. Science 2015;348:124-128

Clinical Biomarkers
Smoking status and Molecular smoking signature

Horn L, et al. WCLC 2013. Abstract MO18.



Clinical Biomarkers
Immune Related Adverse Events

Cancer Treatment Reviews 92 (2021) 102134



Clinical Biomarkers
Immune Related Adverse Events

JAMA Oncol. 2018 Mar 1;4(3):374-378



cancer cell

PD-L1

lymphocyte

Placenta and Tumors Express PD-L1 to Evade Immune 
Recognition

Placenta Tumor

PD-1/PD-L1 Pathway
Effector Phase



Biomarker
PD-L1 expression in NSCLC - Prognostic
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PD-L1 expression is a negative prognostic for patient 
survival

No apparent differential PD-L1 expression 
with stage 



Prevalence of PD-L1 Positivity 
and ORR by Quartiles of PD-L1 

Proportion Score

Prevalence, all 
screened pts,a n (%)

323 (39.2) 255 (31.0) 55 (6.7) 71 (8.6) 120 (14.6)

ORR in CTA-evaluable 
pts, n (%) [95% CI]

7 (8.1)
[3.3-15.9]

19 (12.9)
[8.0-19.4]

6 (19.4)
[7.5-37.5]

13 (29.6)
[16.8-45.2]

39 (45.4)
[34.6-56.5]

aPrevalence and ORR (RECIST v1.1 by central review) assessed in patients whose samples were evaluable by the CTA, regardless of the interval between cutting and staining.
Analysis cut-off date: August 29, 2014.

Garon EB et al, AACR 2015/NEJM 2015

PD-L1 expression - Predictive
Pembrolizumab



Table 1. Trials’ 
Characteristics (selected 
arms for the analysis).

Carbognin L, et al. PLOS ONE 
10(6): e0130142. 
https://doi.org/10.1371/journal.p
one.0130142

Biomarker
PD-L1 expression - Predictive



Overall response rate, 
according to adopted drug.

Overall response rate, 
according to tumor type.

PD-L1 Biomarker
Negative Expression

Sensitivity Analysis

Carbognin L, et al. PLOS ONE 10(6): e0130142. 
https://doi.org/10.1371/journal.pone.0130142



Presented By Roy Herbst at 2015 ASCO Annual Meeting

Expression of PD-L1 is heterogeneous and varies with antibody

Biomarker
PD-L1 expression in NSCLC



PD – L1 Biomarker
IASLC Blueprint Project

Nivolumab Pembrolizumab Atezolizumab Durvalumab

Primary antibody 
clone used in the 

assay system

28-8
(Dako)

22C3
(Dako)

SP142
(Ventana)

SP263
(Ventana)

Interpretative
Scoring Tumor cell 

membrane
Tumor cell 
membrane

Tumor cell
membrane -

Infiltrating immune 
cells

Tumor cell 
membrane

Instrument and 
Detection Systems 

Required
EnVision Flex on 

Autostainer Link 48
EnVision Flex on 

Autostainer Link 48

OptiView Detection 
and Amplification 

on Benchmark 
ULTRA

OptiView Detection 
on Benchmark 

ULTRA

Therapeutic
Developer

J Thorac
Oncol. 2017 
Feb;12(2):208-222

https://www.ncbi.nlm.nih.gov/pubmed/27913228


Analytical comparison of % immune cell staining 
(ICPS) by case for each assay

Analytical comparison of % tumor cell staining 
(TPS) by case for each assay
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Three assays (22C3, 28-8, SP263) 
demonstrate similar analytical 

performance with respect to percentages 
of tumor cells positive and dynamic range

All assays label immune cells but there is 
less precision in analytical performance 

than with tumor cells

PD-L1 Biomarker
Agreement Rates: IHC PD-L1 Assays

J Thorac Oncol. 2017 Feb;12(2):208-222, 
2016

https://www.ncbi.nlm.nih.gov/pubmed/27913228


Brown chromogen: PD-L1 staining.
Blue color: hematoxylin counterstain.

PS <1% PS 1-49% PS ≥50%

5x 
magnification

40x
magnification

Garon EB et al, AACR 2015/NEJM 2015

Biomarker
PD-L1 expression in NSCLC



Biomarker
PD-L1 selection - Trials



Pembrolizumab – First Line
Responses by (very) High PD-L1 Expression Level



Tumor Mutation Burden
Mutation Heterogeneity
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Melanoma
RR 25%–40%

NSCLC 
RR 19%
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RR 26%

Head & Neck
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Renal Cell
Cancer

Adapted from Alexandrov et al. Nature. 2013.

Altered proteins contain new epitopes for 
immune recognition, supporting 
immunotherapy approaches



Biomarkers
TMB - Predictive



ORR PFS

Biomarkers
TMB Analysis: CheckMate 026



Biomarker
TMB – CM 026

Predictive Not Prognostic



N Engl J Med 2018 May 31;378(22):2093-2104

TMB
Predictive of benefit to IO – CM 227 

PFS among patients
with a High TMB
according to Tumor
PD-L1 Expression
and Histologic
Type. A high TMB
was defined as at
least 10 mutations
per megabase. The
circles (nivolumab
plus ipilimumab)
and triangles
(chemotherapy)
indicate censored
data.



TMB
Testing Methodology



TMB
WES vs CGS (Target NGS)

Hira Rizvi, et al. Journal of Clinical Oncology 2018 36:633-641.



TMB
Blood DNA (bTMB) vs Tissue DNA (tTMB)

Nat Med. 2018 Sep;24(9):1441-1448



Incidence across 12,019 tumors Patient survival and clinical response to Pembrolizumab across 
12 different tumor types with mismatch repair deficiency. 

Dung T. Le et al. Science 2017;science.aan6733

Microsatellite Instability
Mismatch Repair Deficiency

SCLC
NSCLC



Biomarkers
Microsatellite Instability (MSI)

Dung T. Le 2015 J Clin Oncol 33, 2015 (suppl; abstr LBA100)



Presented By Kurt Schalper at 2017 ASCO Annual Meeting

Biomarkers
Microsatellite Instability (MSI)



Biomarkers
TIL - Prognostic

Elisabeth Brambilla et al. JCO 2016;34:1223-1230

Survival curves for tumor lymphocytic infiltration (TLI; intense and nonintense) for specific 
disease-free survival (SDFS) on discovery (A) and validation (B) sets. 



I. Gataa et al. European Journal of Cancer 145 (2021) 221e229

Biomarkers
TIL density– Predictive



Inflamed Non-Inflamed

Biomarkers
TIL – Inflamed vs. Non-Inflamed Phenotype

Adv Exp Med Biol. 2017 ; 1036: 19–31



TCR Clonality – TCR Repertoire

NGS to capture uniquely rearranged variable T-cell Receptor 
(TCR) beta-chain

TCR beta-chain more clonal (less diverse) in (anti-PD-1) 
responders 

Increased TCR clonality in (anti-PD-1) responders



TCR Clonality – TCR Repertoire

Cancer Immunol Res. 2020;8(1):146-154. doi:10.1158/2326-6066.CIR-19-0398

TCR Repertoire Diversity of Peripheral PD-1+CD8+ T Cells Predicts Clinical 
Outcomes after Immunotherapy in Patients with NSCLC



Point Mutations and Co-mutations

EGFR, ALK, KRAS, STK11, POLE, Co-mutations



Gene Expression Profiles

INF- gamma Signature
Immunoscore

Antibodies Profile



Microbiome

Clostridiales in Responders
Bacteroidiales in Non-responders



Combinations of Biomarkers
TMB and PD-L1 (essentially) independent variables
TMB and INF-gamma sig. are minimally associated

TMB high and MSI, minimal overlap
PD-L1 plus TILs

Complex (multifactorial) bio-markers necessary (?)
More Predictive (?)



SCLC

Potential Predictive Biomarkers



Immunotherapy
PD-L1 expression and TMB

Hellmann MD, et al. ASCO 2017. Abstract 8503. Peifer. Nat Genet. 2012;44:1104. Alexandrov. Nature. 2013;500:415.
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TMB
CheckMate 032: Results

Hellmann, M. Cancer Cell 2018; 33(5):853-861



TMB
IMpower133 - OS by Subgroup

Liu SV, et al. WCLC 2018. Abstract PL02.07. Horn L, et al. N Engl J Med. 2018;379:2220. 

Median OS, Mos OS HR
(95% CI)Population Atezolizumab + CP/ET Placebo + CP/ET

Male (n = 261) 12.3 10.9 0.74 (0.54-1.02)
Female (n = 142) 12.5 9.5 0.65 (0.42-1.00)

< 65 yrs (n = 217) 12.1 11.5 0.92 (0.64-1.32)
≥ 65 yrs (n = 186) 12.5 9.6 0.53 (0.36, 0.77)

ECOG PS 0 (n = 140) 16.6 12.4 0.79 (0.49-1.27)
ECOG PS 1 (n = 263) 11.4 9.3 0.68 (0.50, 0.93)

Brain metastases (n = 35) 8.5 9.7 1.07 (0.47-2.43)
No brain metastases (n = 368) 12.6 10.4 0.68 (0.52-0.89)

Liver metastases (n = 149) 9.3 7.8 0.81 (0.55-1.20)
No liver metastases (n = 254) 16.8 11.2 0.64 (0.45-0.90)

bTMB < 10 mut/mb (n = 139) 11.8 9.2 0.70 (0.45-1.07)
bTMB ≥ 10 mut/mb (n = 212) 14.6 11.2 0.68 (0.47, 0.97)

bTMB < 16 mut/mb (n = 271) 12.5 9.9 0.71 (0.52-0.98)
bTMB ≥ 16 mut/mb (n = 80) 17.8 11.9 0.63 (0.35-1.15)

ITT (N = 403) 12.3 10.3 0.70 (0.54-0.91)
0.1 1.0 2.5

Atezolizumab better Placebo better



JTO 2020; 15(4):520-540 Gay et al. Cancer Cell 2021; 39:346–360

Molecular subtypes of SCLC
Potential Biomarkers



Molecular subtypes of SCLC
Potential Biomarkers – YAP1 and NOTCH

JTO 2021; 16(3):464-476 Nat Commun. 2021 Jun 23;12(1):3880. 

§ Tumors deriving clinical benefit (CB) from ICI exhibited
cytotoxic T-cell infiltration, high expression of antigen
processing and presentation machinery genes, and low
neuroendocrine (NE) differentiation.

§ Notch signaling, (correlates positively with low NE
differentiation), most significantly predicts CB to ICI.

§ Mechanistic link between Notch activation, low NE
differentiation and increased intrinsic tumor immunity.


